To our knowledge, few studies have examined the presence of a relation between overtraining and hormonal variations, in particular testosterone and cortisol concentrations [27] .
Testosterone is a steroid hormone primarily secreted in the testes of males and the ovaries of females, although small amounts are also secreted by the adrenal glands. It is essential for normal growth, development and also the anabolic effects of testosterone are responsible for the muscle protein retention and muscle hypertrophy during strength training [32] .
Cortisol (stress hormone) is a major glucocorticoid hormone that enables the body to adapt external changes and stress.
Depending on the intensity and duration of a preceding physical load, hormones with anabolic or catabolic properties, such as testosterone and cortisol respectively, show quantitative changes signaling a catabolic state [6] . The ratio between plasma concentrations of free testosterone and cortisol has been used to evaluate training responses and to predict performance capacity [2] . This ratio is considered to reflect states of anabolism and tapering off when it is high and, inversely when it falls by 30% or more. Moreover a single bout of exercise induces transient changes in the anabolic-catabolic balance, depending on the intensity and duration of the exercise bouts. Repeated heavy endurance exercise without a sufficient period of recovery can cause a persistent disturbance in the balance [21] .
As testosterone and cortisol are playing a significant role in metabolism of protein as well as carbohydrate, the testosterone/cortisol ratio is used as an anabolic/catabolic balance. This ratio decreases in relation to the intensity and duration of physical exercise, as well as during period of intense training or repetitive competition and can be reversed by regenerative measures [26] . So based on the above premise, the testosterone has anabolic effects and cortisol has catabolic effects, the testosterone/cortisol ratio has been proposed as a great marker for overtraining.
The purpose of the present study is to evaluate the response of selected hormonal markers like Cortisol, testosterone and T/C ratio during three phases of training namely preparative phase, pre-competitive phase and competitive phase in female swimmers.
MATERIALS AND METHODS

Seventeen national level female swimmers undergoing training in
Sports Authority of India (Bangalore) were participated in this study.
None of the subjects had history of usage of anabolic steroid. Each subject has been well informed about the objective of the present research. This study was approved by the ethical committee of Sports Authority of India.
A well designed training program for national swimmers is prepared for 3 months (11 weeks) and the periodisation involves dividing the training plan into three phases that is preparative phase, precompetitive phase and competitive phase. Each phase is subdivided into mesocycle and this mesocycle is further divided into microcycle as given in the table 1.
Venous blood samples at preparatory, pre-competitive and competitive phase were drawn from the antecubital vein in the morning 08.00 to 09.00 am (12 hours fasting condition) from the female swimmers.
Serum was separated from the whole blood and ELISA (Enzyme Linked Immuno Sorbent Assay) method was used for the quantita- 
RESULTS
Table-1 demonstrates the training program for female swimmers.
Base training period was same for all the group middle distance, distance and sprinters but the volume is changed among the groups during the pre-competitive and competitive period. Blood sample were collected at the end of each phase in order to find out the impact of training intensity/volume to the player's hormonal status. The mean ± standard deviation of testosterone and T/C ratio are high in the pre-competitive phase when compared to preparatory and competitive phase, cortisol level is high in the competitive phase than the other two phases. One way ANOVA result of testosterone and T/C ratio reveals a significant difference while compared among the three different phases. Post-hoc multiple comparison of testosterone is found significant between preparatory and competitive phase; pre-competitive and competitive phase (p<0.001) while T/C ratio found significant between pre-competitive and competitive phase (p<0.01).
No significant difference in the value of cortisol in any of the phase. However, the mean ± standard deviation value of cortisol is higher in competitive phase while compared to other two phases (Table 4) . Research has repeatedly shown that the rate of physiological adaptation occurs primarily in response to the intensity of effort rather than the amount of effort [18] . There has been a growing interest in identifying the physiological and hormonal markers of training responses in competitive swimmers across training cycles.
The objective of our research is to determine the response of hormonal markers during training cycles on Indian female swimmers and Exercise represents a potent physiological stimulus upon the hypothalamo-pituitary-adrenal axis [20] . Increased activity of the pituitary-thyroid axis as well as the adrenal cortex plays a major role in adaptations to physical exercise. It has been demonstrated that changes in their secretory activity in response to exercise are closely correlated with muscular work intensity [9, 14] .
The hormone testosterone has been viewed as anabolic indicator as it can stimulate glycogen storage and muscular protein synthesis [16, 17] . The lack of physical activity and excessive physical activity will result in decreased levels of testosterone. Exercise has effect on testosterone directly by stimulating the pituitary gland and the testes and it probably also rises levels by slowing down the normal breakdown of testosterone [30] . Our result reveals that the level of testosterone decreases significantly from preparatory phase to competitive phase in all the female swimmers (p<0.001). 53% of players show decrease in the level of testosterone during pre-competitive phase whereas 100% shows decrement during competitive phase. As swimmers approaches the pre-competitive phase, the testosterone level increases which leads to muscle tissue development and during competitive phase, testosterone level decreases due to higher intensity and duration of repeats/workout during training.
During the course of the training program, the base aerobic volume and anaerobic threshold decrease, the maximum aerobic power and lactate tolerance were improved subsequently (Table 1) . Therefore, as the intensity has increased subsequent periodized cycle leads to decrease in testosterone level.
Testosterone level increases most with short intense burst, while it decreases with prolonged activity especially that of frequent endurance training. Because during endurance training or prolonged training period testosterone is needed to maintain muscular function but frequent extended training doesn't allow for repair and recovery.
In support of our research, scientists showed that testosterone rise in response to exercise and the levels are higher in well trained individuals [2] but the intense and prolonged training reduces the testosterone level [1, 22] . It is also assumed that, a transient suppressive effect on testicular luteinising hormone receptors as a result of the exercise induced increase in cortisol is the reason that the testosterone level is decreased by endurance training or during overtraining [31] .
Cortisol has been used as an indicator of catabolic state for its role in gluconeogenesis via the proteolytic pathway [23] . Cortisol helps to mobilize glycogen and free fatty acid and rises after hard exercise as part of the stress hormone response [8] . Psychological stress also raises, particularly before competition . Table 4 shows that the level of cortisol increases significantly from preparatory phase to the competitive phase. The increase in the level of cortisol during competitive phase is reported in 88% of the swimmers whereas only 53% shows increase during pre-competitive phase but there is no significant difference in cortisol level during 11 weeks of training.
Increase in the intensity in subsequent periodised cycle leads to the increase of cortisol level in overreaching condition. 17% and 11% of the players exceeded the limit during the pre-competitive and competitive phase of the training. Hence, hormones testosterone and cortisol acts as an alarm for the coach to reduce the training load for optimizing the training goal. In some cases of female swimmers as they are moving from preparatory phase to competitive phase, their cortisol level increases and the testosterone level decreases, this is certainly a concern for the coaches to diagnose as
overtraining.
An equilibrium between anabolic and catabolic states in athletes is often represented by the ratio of the hormones testosterone and cortisol i.e. T/C ratio [3, 7, 29] . T/C ratio has been suggested as a potential marker for insufficient recovery and overtraining syndrome in athletes as it was decreased after intensive endurance exercise [19] and chronic high volumes of endurance training [28, 29] . Our research has shown that the level of T/C ratio decreases significantly from preparatory phase to the competitive phase in the female swimmers. The decrease in the level of T/C ratio during pre-competitive phase is seen in 65% of swimmers whereas 100% shown decrease during the competitive phase. This decrease in T/C ratio is described as "indicator of an insufficient regeneration" and the decrement in T/C ratio was due to the increase in cortisol level and decrease in testosterone level of the players.
In addition to the above information, subject 7 (Table 3) has the highest percentage difference of performance record with lowest cortisol level, higher testosterone level and the highest T/C ratio.
From this, we can say that the performance will enhance with low 
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cortisol level and high testosterone, T/C ratio level. Hence it is very essential to monitor these hormones during the different phases of the training to avoid overtraining and to enhance performance.
CONCLUSIONS
Our study concludes that the hormone concentration fluctuates with the intensity and duration of exercise i.e. when the intensity and duration of exercise is increased, the testosterone level decreases, cortisol level increases and T/C ratio decreases. Prevention is the best treatment for the overtraining state and so monitoring of hormones especially for swimmers during the training period is needed to avoid overtraining and to enhance the performance. Hence hormonal markers provide relevant information for an accurate and a trustworthy overtraining diagnosis.
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